TITLE OF THE INVENTION 

Offset Compensation Circuit Compensating for Offset Voltage of Drive Circuit 
as well as Drive Circuit with Offset-Compensation Capability and Liquid-Crystal Display 
Device Using the Offset Compensation Circuit 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an offset compensation circuit as well as a 
drive circuit with offset-compensation capability and a liquid-crystal display device that 
use the offset compensation circuit. In particular, the present invention relates to an 
offset compensation circuit compensating for an offset voltage of a drive circuit which 
outputs a potential according to an input potential as well as a drive circuit with 
offset-compensation capability and a liquid-crystal display device using the offset 
compensation circuit. 
Description of the Background Art 

An offset compensation circuit canceling an offset voltage of a drive circuit has 
been proposed. The offset compensation circuit charges a capacitor to the offset 
voltage and connects the capacitor to an input node of the drive circuit so as to 
compensate for the offset voltage (see for example Japanese Patent Laying-Open No. 
2000-114889). 

The conventional offset compensation circuit, however, encounters a problem 
that it cannot accurately compensate for the offset voltage since the voltage of the 
capacitor is lost due to the influence of a parasitic capacitor of the input node of the 
drive circuit.. 

Although the voltage loss could be reduced by making the capacitance value of 
the capacitor sufficiently greater than that of the parasitic capacitor, a resultant need for 
increase of the area of the capacitor causes the area occupied by the offset compensation 
circuit to expand. If the offset compensation circuit is employed for a data-line drive 
circuit of a liquid-crystal display device, many offset compensation circuits are necessary 



so that the problem would become particularly severe. 
SUMMARY OF THE INVENTION 

It is thus a chief object of the present invention to provide an offset 
compensation circuit capable of accurately canceling an offset voltage as well as a drive 
circuit with offset-compensation capability and a liquid-crystal display device that use 
the offset compensation circuit. 

An offset compensation circuit according to the present invention compensates 
for an offset voltage of a drive circuit outputting a potential according to an input 
potential, and includes: first to N-th capacitors where N is an integer of at least two, the 
capacitors each having one electrode and the other electrode, the first capacitor having 
one electrode connected to an input node of the drive circuit, and second to N-th 
capacitors each having one electrode connected to the other electrode of a preceding 
capacitor; a first switch circuit supplying a predetermined potential to the input node of 
the drive circuit and connecting the other electrode of the first capacitor to an output 
node of the drive circuit to charge the first capacitor to the offset voltage; a second 
switch circuit successively selecting the second to N-th capacitors each for a 
predetermined period of time, supplying the input potential to one electrode of a 
selected capacitor and connecting the other electrode of the selected capacitor to the 
output node of the drive circuit to charge the first to N-th capacitors to the offset 
voltage; and a third switch circuit supplying the input potential to the other electrode of 
the N-th capacitor. Accordingly, the influence of the parasitic capacitor of the input 
node of the drive circuit can be reduced and thus the offset voltage can accurately be 
cancelled. 

The foregoing and other objects, features, aspects and advantages of the 
present invention will become more apparent from the following detailed description of 
the present invention when taken in conjunction with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing an entire configuration of a color 



liquid-crystal display device according to a first embodiment of the present invention. 

Fig. 2 is a circuit diagram showing a configuration of a liquid-crystal drive 
circuit provided correspondingly to each of liquid-crystal cells shown in Fig. 1. 

Fig. 3 is a circuit diagram showing a configuration of an 
5 equalizer-and-precharge circuit included in a horizontal scan circuit shown in Fig. 1 . 

Fig. 4 is a circuit block diagram showing a configuration of a gray-level 
potential generation circuit and an offset-compensation drive circuit included in the 
horizontal scan circuit in Fig. 1 . 

Fig. 5 is a circuit diagram showing a configuration of the offset-compensation 
10 drive circuit shown in Fig. 4. 

Fig. 6 is a circuit diagram showing a configuration of a push-type drive circuit 
shown in Fig. 5. 

Fig. 7 is a timing chart showing an operation of the offset-compensation drive 
circuit shown in Fig. 5. 

15 Fig. 8 is a circuit diagram showing a modification of the first embodiment. 

Fig. 9 is a circuit diagram showing a configuration of a push-type drive circuit 
included in an offset-compensation drive circuit according to a second embodiment of 
the present invention. 

Fig. 10 is a circuit diagram showing a modification of the second embodiment. 
20 Fig. 1 1 is a circuit diagram showing another modification of the second 

embodiment. 

Fig. 12 is a circuit diagram showing an offset-compensation drive circuit 
according to a third embodiment of the present invention. 

Fig. 13 is a circuit diagram showing a modification of the third embodiment. 
25 Fig. 14 is a circuit diagram showing another modification of the third 

embodiment. 

Fig. 1 5 is a circuit diagram showing a configuration of an offset-compensation 
drive circuit according to a fourth embodiment of the present invention. 
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Fig. 16 is a circuit diagram showing a configuration of an offset-compensation 
drive circuit according to a fifth embodiment of the present invention. 

Fig. 17 is a circuit diagram showing a modification of the fifth embodiment. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 First Embodiment 

Fig. 1 is a block diagram showing a configuration of a color liquid-crystal 
display device according to a first embodiment of the present invention. Referring to 
Fig. 1, this color liquid-crystal display device includes a liquid-crystal panel 1, a vertical 
scan circuit 7 and a horizontal scan circuit 8, and may be provided for example in a 
10 mobile phone. 

Liquid-crystal panel 1 includes a plurality of liquid-crystal cells 2 arranged in 
rows and columns, scan lines 4 and common potential lines 5 provided correspondingly 
to respective rows, and data lines 6 provided correspondingly to respective columns. 

In each row, liquid-crystal cells 2 are divided in advance into groups each 
15 containing three cells. Three liquid-crystal cells 2 in each group are provided with R, 
G and B color filters respectively. Three liquid-crystal cells 2 in each group constitute 
one pixel 3. 

Liquid-crystal cells 2 are each provided with a liquid-crystal drive circuit 1 0 as 
shown in Fig. 2. Liquid-crystal drive circuit 10 includes an n-type transistor 1 1 and a 

20 capacitor 12. N-type transistor 1 1 is connected between data line 6 and one electrode 
2a of liquid-crystal cell 2 and has its gate connected to scan line 4. Capacitor 12 is 
connected between one electrode 2a of liquid-crystal cell 2 and common potential line 5. 
To the other electrode of liquid-crystal cell 2, a drive potential VDD is supplied and a 
common potential VSS is supplied to common potential line 5. 

25 Referring again to Fig. 1, according to an image signal, vertical scan circuit 7 

successively selects a plurality of scan lines 4 one by one each for a predetermined 
period of time and causes a selected scan line 4 to reach "H" level which is the selection 
level. When scan line 4 is set to the selection level of "H" level, n-type transistor 1 1 



. 4 - 



shown in Fig. 2 is turned on so that one electrode 2a of each liquid-crystal cell 2 
corresponding to this scan line 4 is connected with data line 6 corresponding to this 
liquid-crystal cell 2. 

According to an image signal, horizontal scan circuit 8 supplies a gray-level 
potential VG to each data line 6 in the period in which one scan line 4 is selected by 
vertical scan circuit 7. The light transmittance of liquid-crystal cell 2 changes 
according to the level of gray-level voltage VG. When all liquid-crystal cells 2 of 
liquid-crystal panel 1 have been scanned by vertical scan circuit 7 and horizontal scan 
circuit 8, an image is displayed on liquid-crystal panel 1. 

Fig. 3 is a circuit diagram showing a main part of horizontal scan circuit 8 in 
Fig. 1. Referring to Fig. 3, horizontal scan circuit 8 includes an 
equalizer-and-precharge circuit 15 for setting the potential on each data line 6 to a 
precharge potential VPC before gray-level potential VG is supplied to each data line 6. 

Equalizer-and-precharge circuit 15 includes switches 16 provided 
correspondingly to respective data lines 6 and switches 17 each provided 
correspondingly to two data lines 6 adjacent to each other. One terminal of switch 16 
receives precharge potential VPC while the other terminal thereof is connected to its 
corresponding data line 6. Switch 16 is turned on when a precharge signal <J)PC is set 
to "H" level which is the activation level. When switch 16 is turned on, each data line 
6 is set to precharge potential VPC. Switch 17 is connected between two data lines 6 
and is turned on when an equalize signal cf)EQ is set to M H" level which is the activation 
level. When switch 17 is turned on, respective potentials on all data lines 6 are 
averaged. After switches 16 and 17 are turned off, gray-level potential VG is supplied 
to each data line 6. It is supposed here that precharge potential VCP is 0 V. 

Fig. 4 shows a gray-level potential generation circuit 20 for supplying 
gray-level potential VG to data line 6 and a drive circuit 25 having offset-compensation 
capability (hereinafter such a drive circuit is referred to as "offset-compensation drive 
circuit"). The number of gray-level potential generation circuits 20 and that of 



offset-compensation drive circuits 25 are each equal to the number of data lines 6. 

Gray-level potential generation circuit 20 includes n+1 (n is a natural number) 
resistance elements 21. l-21.n+l connected in series between a line of a first 
power-supply potential VH (5 V) and a line of a second power-supply potential VL (0 
V), and n switches 22. l-22.n connected between respective n nodes between n+1 
resistance elements 21. 1-21. n+1 and an output node 20a. 

On the n nodes between n+1 resistance elements 21 . 1-21 .n+1, potentials of n 
levels appear respectively. Switches 22. 1 -22.n are controlled by an image node signal 
<|>P and only one of the switches is turned on. To output node 20a, one of respective 
potentials of the n levels is output as gray-level potential VG. Offset-compensation 
drive circuit 25 supplies electric current to data line 6 so that selected data line 6 is set 
to gray-level potential VG. 

Fig. 5 is a circuit diagram showing a configuration of offset-compensation drive 
circuit 25. Referring to Fig. 5, offset-compensation drive circuit 25 includes a 
push-type drive circuit 26, capacitors 27.1 and 27.2 and switches SI, S2.1, S2.2, S3.1, 
S3 .2 and S4. Precharge potential VCP is 0 V and gray-level potential VG ranges from 
0 V to 5 V. Then, data line 6 may be charged and no discharging is necessary. 
Accordingly, for this color liquid-crystal display device, drive circuit 26 of the push-type 
is employed. 

Referring to Fig. 6, push-type drive circuit 26 includes p-type transistors 3 1-33, 
n-type transistors 34 and 35 and constant-current sources 36 and 37. P-type 
transistors 3 1 and 32 are connected between a line of a third power-supply potential 
VH1 (10 V for. example) and nodes N3 1 and N32 respectively and have respective gates 
both connected to node N32. P-type transistors 3 1 and 32 constitute a current-mirror 
circuit. 

N-type transistors 34 and 35 are connected respectively between nodes N3 1 
and N32 and a node N34 and have respective gates connected to an input node N21 and 
an output node N22. Constant-current source 36 flows a predetermined 



constant-current from output node N34 to a line of a fourth power-supply potential VL1 
(0 V for example). P-type transistor 33 is connected between the line of the third 
power-supply potential VH1 and output node N22 and has its gate connected to node 
N3 1 . Constant-current source 37 flows a predetermined constant-current from output 
5 node N22 to the line of the fourth power-supply potential VL1 . P-type transistors 3 1 
and 32, N-type transistors 34 and 35 and constant-current source 36 constitute a 
differential amplifier circuit. 

To n-type transistor 34, a current of a level according to a potential V21 on 
input node N21 flows. To n-type transistor 35, a current of a level according to a 

10 potential V22 on output node N22 flows. P-type transistors 3 1 and 32 constitute a 

current-mirror circuit and p-type transistor 32 and n-type transistor 35 are connected in 
series. Then, to transistors 31, 32 and 35, a current of a level according to potential 
V22 on output node N22 flows. 

If potential V21 is higher than potential V22, the current flowing to p-type 

15 transistor 3 1 is smaller than the current flowing to n-type transistor 34 and the potential 
on node N3 1 decreases while the current flowing to p-type transistor 33 increases so 
that potential V22 increases. If potential V21 is lower than potential V22, the current 
flowing to p-type transistor 3 1 is greater than the current flowing to n-type transistor 34 
and the potential on node N3 1 increases while the current flowing to p-type transistor 

20 33 decreases so that potential V22 decreases. As a result, potential V21 becomes 
equal to potential V22 (V21=V22). 

In other words, push-type drive circuit 26 is a buffer circuit having a high input 
impedance and a low output impedance with a voltage amplification factor of 1 Due 
to. differences between threshold voltages of transistors 31-35, however, a potential 

25 difference between input potential V21 and output potential V22 is caused, namely there 
arises an offset voltage VOF therebetween. For example, if n-type transistors 34 and 
35 have different threshold voltages VTN, offset voltage VOF is caused. This offset 
voltage VOF is represented as a difference between respective threshold voltages of 



n-type transistors 34 and 35, i.e., |AF77V| . 

Referring again to Fig. 5, input node N21 of push-type drive circuit 26 has a 
parasitic capacitor CO. In Fig. 5, parasitic capacitor CO is shown as a capacitor 28 
connected between input node N21 and a line of a ground potential GND. A load 
5 capacitor is shown as a capacitor 29 connected between an output node N23 and the 
line of ground potential GND. Capacitors 27.1 and 27.2 and switches SI, S2.1, S2.2, 
S3. 1, S3. 2 and S4 constitute an offset compensation circuit for compensating for offset 
voltage VOF of push-type drive circuit 26. 

Specifically, switch SI is connected between input node N20 and input node 

10 N21 of drive circuit 26 and switch S4 is connected between output node N23 and 

output node N22 of drive circuit 26. Capacitor 27.1 and switch S2.1 are connected in 
series between input node N21 and output node N22 of drive circuit 26. Switch S3. 1 
is connected between input node N20 and node Nl between capacitor 27. 1 and switch 
S2. 1 . Capacitor 27.2 and switch S2.2 are connected in series between nodes Nl and 

15 N22. Switch S3. 2 is connected between input node N20 and a node N2 between 
capacitor 27.2 and switch S2.2. 

Switches SI, S2.1, S2.2, S3. 1, S3. 2 and S4 each may be a p-type transistor, 
n-type transistor or a combination of a p-type transistor and an n-type transistor 
connected in parallel. ON/OFF of switches SI, S2.1, S2.2, S3. 1, S3. 2 and S4 each is 

20 controlled by a control signal (not shown). 

A description is now given below concerning a state that output potential V22 
of drive circuit 26 is lower by offset voltage VOF than input potential V21 . As shown 
in Fig. 7, in an initial state, all of switches SI, S2.1, S2.2, S3. 1, S3. 2 and S4 are in an off 
state. At a certain time tl, switches SI, S2.1 and S2.2 are turned on so that potential 

25 V21 on input node N21 of drive circuit 26 is equal to VI (V21 = VI) and output 

potential V22 of drive circuit 26 and respective potentials VI and V2 on nodes Nl and 
N2 have a relation: V22 = VI = V2 = VI - VOF. Then, capacitor 27. 1 is charged to 
offset voltage VOF and the voltage between the terminals of capacitor 27.2 is reset to 0 
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At time t2, switches Si and S2. 1 are turned off so that offset voltage VOF is 
held in capacitor 27. 1. Then, at time t3, switch S3. 1 is turned on so that potential VI 
on node Nl becomes equal to VI (VI = VI). If input node N21 of drive circuit 26 has 
no parasitic capacitor CO, input potential V21 of drive circuit 26 is equal to VI + VOF 
(V21 = VI + VOF) and output potential V22 of drive circuit 26 is equal to VI (V22 = 
VI). Actually, however, because of the presence of parasitic capacitor CO, input 
potential V21 of drive circuit 26 is represented by an equation: V21 = VI + VOF - AVI 
and output potential V22 of drive circuit 26 is represented by an equation: V22 = VI - 
AVI . This voltage loss AVI is represented by the following equation where C 1 
indicates the capacitance of capacitor 27. 1 : 

AVI = VOF o CO/ (CO + CI) ... (l). 

At this time, switches S2.2 and S3. 1 are turned on and switch S3. 2 is turned off 
so that potential V2 on node N2 is represented by an equation: V2 = VI - AVI . In 
other words, potential V2 on node N2 is lower than input potential VI by voltage loss 
AVI caused by the first offset cancel operation and accordingly capacitor 27.2 is 
charged to AVI. 

At time t4, switches S2.2 and S3.1 are turned off and thereafter switch S3. 2 is 
turned on at time t5. Then, potential V2 on node N2 changes from VI - AVI to VI. 
Namely, potential V2 on node N2 increases by AVI . This amount of potential change 
AVI is transmitted to node N21 via capacitors 27.2 and 27. 1 to cause potential V21 on 
node N2 1 to increase. In this case as well, a voltage loss A V2 occurs due to parasitic 
capacitor CO and potential V21 on node N21 increases by AVI - AV2 and thus is 
represented by an equation: V21 = VI + VOF - AVI + AVI - AV2 = VI + VOF - AV2. 

The increase of potential VI on node N21 then causes potential V22 on node 
N22 to increase by the same voltage AVI - AV2 and potential V22 is thus represented 
by an equation: V22 = VI - AVI + AVI - AV2 = VI - V2. Potential VI on node Nl 



is represented by the following equation (2) where Cl and C2 represent respective 
capacitances of capacitors 27.1 and 27.2: 

VI =VI + AV1 °C2/[C2 + C0oCl/(C0 + Cl)] ... (2). 
Further, AV2 is represented by the following equation (3): 
AV2 = AV1 oC0/[C0 + Cl oC2/(Cl +C2)] (3) 
For the purpose of simplifying description, it is supposed that Cl equals to C2 
(Cl= C2). Then, a relation AV2 = AVI o CO / (CO + Cl / 2) is established. 
Moreover, supposing that CO/CI is 1/10 (C0/C1 = 1/10), AV2 is represented by an 
equation: AV2 = AVI o 1/6. In other words, voltage loss AV2 caused by the second 
offset cancel operation is reduced to one-sixth of the first voltage loss AVI. 

The conventional method using one capacitor per offset-cancel operation so as 
to reduce loss AVI to one-sixth requires a capacitor of the sixfold area. According to 
the first embodiment, two capacitors 27. 1 and 27.2 are used and thus the capacitor area 
is doubled. However, the capacitor area required for reducing loss A V 1 to one-sixth is 
two-sixths, namely one-third as large as the conventional one. It is noted that the area 
of switches S2.2 and S3. 2 each is sufficiently smaller than that of the capacitors. 

At time t6, switch S4 is turned on so that output potential VO becomes equal 
to VI - AV2 and is supplied to a load. Switch S4 is not an inevitable element here. If 
switch S4 is not provided and the load is large, however, a longer time is taken for 
stabilizing the voltage VOF between the terminals of capacitor 27. 1 from time tl at 
which switches SI, S2.1 and S2.2 are turned on. 

Fig. 8 is a circuit diagram showing a configuration of an offset-compensation 
drive circuit 38 according to a modification of the first embodiment. Referring to Fig. 
8, offset-compensation drive circuit 38 differs from offset-compensation drive circuit 25 
in Fig. 5 in that the former includes m (m is an integer of at least 3) capacitors 
27.1-27.m, m switches S2.1-S2.m and m switches S3.1-S3.m instead of two capacitors 
27.1 and 27.2, two switches S2.1 and S2.2 and two switches S3.1 and S3.2. 

One electrode of capacitor 27. 1 is connected to the input node of drive circuit 
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26 and one electrode of capacitors 27.2-27.m each is connected to the other electrode of 
corresponding one of capacitors 27. l-27.m-l. One terminal of switches S2. 1-S2.m 
each is commonly connected to node N22 and the other terminal thereof is connected to 
the other electrode of corresponding one of capacitors 27. 1 -27 m. One terminal of 
switches S3. 1-S3.m each is commonly connected to node N20 and the other terminal 
thereof is connected to the other electrode of corresponding one of capacitors 
27.1-27.m. 

At a certain time, switches SI and S2. 1-S2.m are turned on so that capacitor 
27. 1 is charged to offset voltage VOF and the voltage between the terminals of 
capacitors 27. l-27.m each is reset to 0 V. 

After switches SI and S2. 1 are turned off, switch S3. 1 is turned on so that 
capacitor 27.2 is charged to the first voltage loss AVI . Then, switch S2.2 is turned off 
and switch S3. 2 is turned on so that capacitor 27.3 is charged to the second voltage loss 
AV2. In the same manner, capacitor 27 m is charged to a (m-l)-th voltage loss 
A Vm- 1 Following this, switch S2 . m is turned off and switch S3 . m is turned on. 

Supposing that CI represents the capacitance of capacitors 27.1-27.m each, 
voltage loss AVm when the offset cancel operation is done m times is represented by the 
following equation (4): 

AVm = VOF o CO / (CO + CI) o CO / (CO + CI / 2)- -C0 / (CO + CI / m) 

... (4) 

While voltage loss AVm decreases as m is increased, the degree of reduction 
accordingly decreases and the adverse influence of the increased area of capacitors 
27. l-27.m relatively increases. Then, it should be noted that an optimum number of 
times m has to be determined according to a required precision of an output potential. 

Second Embodiment 

Fig. 9 is a circuit diagram showing a main part of an offset-compensation drive 
circuit according to a second embodiment of the present invention. Referring to Fig. 9, 
this offset-compensation drive circuit differs from offset-compensation drive circuit 25 



in Fig. 5 in that the former includes a push-type drive circuit 40 instead of push-type 
drive circuit 26. 

Push-type drive circuit 40 includes constant-current sources 41 and 42, n-type 
transistors 43 and 44 and p-type transistors 45 and 46. Constant-current source 41, 
5 n-type transistor 43 and p-type transistor 45 are connected in series between a line of a 
third power- supply potential VH1 (10 V for example) and a line of a fourth 
power-supply potential VL1 (0 V for example). The gate of p-type transistor 45 is 
connected to input node N21 . The gate of n-type transistor 43 is connected to its drain 
(node N41). Thus, n-type transistor 43 forms a diode. Since respective drive 
10 currents of transistors 43 and 45 are set sufficiently greater than a current value of 

constant-current source 41, p-type transistor 45 performs a source-follower operation 
and node N41 has a potential V41 represented by an equation: V41 = V21 + \VTP\ + 

VTN, where VTP represents a threshold voltage of a p-type transistor and VTN 
represents a threshold voltage of an n-type transistor. 

15 N-type transistor 44, p-type transistor 46 and constant-current source 42 are 

connected in series between a line of a fifth power-supply potential VH2 (10 V for 
example) and a line of a sixth power-supply potential VL2 (0 V for example). ' The gate 
of n-type transistor 44 receives potential V41 on node N41 . The gate of p-type 
transistor 46 is connected to its drain (output node N22). Since respective drive 

20 currents of transistors 44 and 46 are set sufficiently greater than a current value of 

constant-current source 42, n-type transistor 44 performs a source-follower operation 
and output node N22 has its potential V22 represented by an equation: V22 = V41 - 
VTN- \VTP\ = V21. 

In other words, this push-type drive circuit 40 is a circuit having two-stage 

25 level-shift circuits connected to each other, one level-shift circuit including 

constant-current source 41, n-type transistor 43 and p-type transistor 45 while the other 
level-shift circuit including n-type transistor 44, p-type transistor 46 and 
constant-current source 42. Drive circuit 40 operates to charge via transistors 44 and 
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46 a node precharged in advance to a low potential so as to increase potential V22 on 
output node N22 to potential V21 on input node N21. 

If n-type transistors 43 and 44 have the same threshold voltage VTN and 
p-type transistors 45 and 46 have the same threshold voltage VTP, drive circuit 40 does 
5 not have offset voltage VOF. If, however, there is a difference between respective 
threshold voltages VTN of n-type transistors 43 and 44 and/or there is a difference 
between respective threshold voltages VTP of p-type transistors 45 and 46, offset 
voltage VOF is generated. In this case, supposing that A VTN represents the difference 
between threshold voltages VTN of n-type transistors 43 and 44 and AVTP represents 
10 the difference between threshold voltages VTP of p-type transistors 45 and 46, offset 
voltage VOF is represented by an equation: VOF = \AVTP + AVTN\ . This offset 
voltage VOF is reduced by the above-described offset cancel operation performed 
multiple times. 

As compared with the first embodiment, the second embodiment has a smaller 
15 through current of the drive circuit and thus reduces the power consumption. 

Modifications of the second embodiment are described now. A push-type 
drive circuit 47 in Fig. 10 differs from push-type drive circuit 40 in Fig. 9 in that the 
former does not include n-type transistor 43 and p-type transistor 46. Node N41 has 
potential V41 represented by an equation: V41 = V21-+ \VTP\ and output voltage V22 
20 is represented by an equation: V22 = V41 - VTN = V21 + \VTP\ - VTN. Therefore, 
drive circuit 47 has offset voltage VOF equal to VTN - \VTP\ in the initial state. This 
offset voltage VOF is reduced by the above-described offset cancel operation performed 
multiple times. 

A push-type drive circuit 48 shown in Fig. 1 1 differs from push-type drive 
25 circuit 47 in Fig. 10 in that the former does not include constant-current source 41 and 
p-type transistor 45 and the gate of n-type transistor 44 is connected to input node N21. 
Output potential V22 is then equal to V21 - VTN. This drive circuit 48 thus has offset 



• 13 - 



voltage VOF equal to VTN in the initial stage. This offset voltage VOF is reduced by 
the above-described offset cancel operation performed multiple times. 
Third Embodiment 

Fig. 12 is a circuit diagram showing a main part of an offset-compensation 
5 drive circuit according to a third embodiment of the present invention. Referring to Fig. 
12, this offset-compensation drive circuit differs from offset-compensation drive circuit 
25 in Fig. 5 in that the former includes a pull-type drive circuit 50 instead of push-type 
drive circuit 26. If precharge potential VCP described in connection with Fig. 3 is 5 V, 
gray-level potential VG ranges from 0 V to 5 V. Then, data lines 6 may be discharged 

10 and no charging is necessary. Accordingly, pull-type drive circuit 50 is used. 

This pull-type drive circuit 50 includes n-type transistors 5 1 and 52, p-type 
transistors 53 and 54 and constant-current sources 55 and 56. N-type transistor 51, 
p-type transistor 53 and constant current source 55 are connected in series between a 
line of a seventh power- supply potential VH3 (5 V for example) and a line of an eighth 

15 power-supply potential VL3 (-10 V for example). N-type transistor 5 1 has its gate 
connected to input node N21 . P-type transistor 53 has its gate connected to its drain 
(node N55). P-type transistor 53 thus forms a diode. Since respective drive currents 
of transistors 51 and 53 are set sufficiently greater than a current value of 
constant-current source 55, n-type transistor 51 performs a source-follower operation 

20 and node N55 has its potential V55 represented by an equation: V55 = V21 - VTN - 
\VTP\ . 

Constant-current source 56, n-type transistor 52 and p-type transistor 54 are 
connected in series between a line of a ninth power-supply potential VH4 (5 V for 
example) and a line of a tenth power-supply potential VL4 (-10 V for example). The 
25 gate of p-type transistor 54 is connected to node N55. The gate of n-type transistor 52 
is connected to its drain (output node N22). Since respective drive currents of 
transistors 52 and 54 are set sufficiently greater than a current value of constant-current 
source 56, p-type transistor 54 performs a source-follower operation and potential V22 
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on output node N22 is represented by an equation: V22 = V55 + \VTP\ + VTN = V2 1 . 

In other words, this pull-type drive circuit 50 corresponds to two-stage 
level-shift circuits connected to each other, one level-shift circuit including n-type 
transistor 51, p-type transistor 53 and constant-current source 55 and the other 
5 level-shift circuit including constant-current source 56, n-type transistor 52 and p-type 
transistor 54. Drive circuit 50 operates to discharge, via transistors 52 and 54, a node 
which is precharged to a high potential in advance and decrease potential V22 on output 
node N22 to potential V21 on input node N21 . 

If n-type transistors 51 and 52 have the same threshold voltage VTN and 

10 p-type transistors 53 and 54 have the same threshold voltage VTP, this drive circuit 50 
has no offset voltage VOF. If, however, n-type transistors 51 and 52 have respective 
threshold voltages VTN different from each other and/or p-type transistors 53 and 54 
have respective threshold voltages VTP different from each other, offset voltage VOF is 
generated. In this case, supposing that A VTN represents the difference between 

15 respective threshold voltages VTN of n-type transistors 51 and 52 and AVTP represents 
the difference between respective threshold voltages VTP of p-type transistors 53 and 
54, offset voltage VOF is represented by an equation: VOF = \AVTP + AVTN\ . This 

offset voltage VOF is reduced by the above-described offset cancel operation performed 
multiple times. 

20 According to the third embodiment as well, the drive circuit has a smaller 

through current as compared with that of the first embodiment and the power 
consumption is accordingly reduced. 

Modifications of the third embodiment are described below. A pull-type drive 
circuit 57 shown in Fig. 13 differs from pull-type drive circuit 50 in Fig. 12 in that the 

25 former does not have p-type transistor 53 and n-type transistor 52. Node N55 has its 
potential V55 equal to V21 - VTN so that output potential V22 is represented by an 
equation: V22 = V21 - VTN + \VTP\ . Thus, drive circuit 57 has offset voltage VOF 
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equal to VTN + \VTP\ in an initial state. This offset voltage VOF is reduced by the 

above-described offset cancel operation performed multiple times. 

A pull-type drive circuit 58 shown in Fig. 14 differs from pull-type drive circuit 
57 in Fig. 13 in that the former does not include n-type transistor 51 and 
5 constant-current source 55 and that the gate of p-type transistor 54 is connected to input 
node N21 . Output potential V22 is represented by an equation: V22 = V21 + \VTP\ . 

Drive circuit 58 thus has offset voltage VOF equal to VTN in an initial state. This 
offset voltage VOF is reduced by the above-described offset cancel operation. 
Fourth Embodiment 

10 Fig. 15 is a circuit block diagram showing a configuration of an 

offset-compensation drive circuit 60 according to a fourth embodiment of the present 
invention. Referring to Fig. 15, offset-compensation drive circuit 60 includes a 
push-type drive circuit 61 having offset-compensation capability (hereinafter 
offset-compensation push-type drive circuit) and a pull-type drive circuit 62 having 

15 offset-compensation capability (hereinafter offset-compensation pull-type drive circuit) 
that are connected in parallel and is used in a case where precharge potential VCP 
described in connection with Fig. 3 is a potential between 0 V and 5 V, for example, 2.5 
V. 

Offset-compensation push-type drive circuit 61 may be any of the 
20 offset-compensation push-type drive circuits described in connection with the first and 
second embodiments and offset-compensation pull-type drive circuit 62 may be any of 
the offset-compensation pull-type drive circuits described in connection with the third 
embodiment. Although switches S4.1 and S4.2 are actually included in drive circuits 
61 and 62 respectively, these switches are shown separately from drive circuits 61 and 
25 62 for simplifying description and facilitating understanding. 

Data line 6, namely output node N23 is precharged to precharge potential VCP 
and thereafter gray-level potential VG is supplied to input node N20. Then, the offset 
cancel operation as described in conjunction with Fig. 7 is done by each of drive circuits 
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61 and 62. Both of switches S4. 1 and S4.2 are turned on so that output node N23 is 
driven to gray-level potential VG. At this time, since two drive circuits 61 and 62 
output the same potential, no through current flows. In this state, if any positive noise 
is generated on data line 6, pull-type drive circuit 62 operates while push-type drive 
5 circuit 61 operates if any negative noise is generated on data line 6 so that the noise 

generated on data line 6 can be reduced to a lower level with a low output impedance. 

According to the fourth embodiment, precharge potential VCP is set to a 
potential between 0 V and 5 V, for example, 2.5 V. Therefore, as compared with the 
case where precharge potential VCP is set to 0 V or 5 V, the potential on data line 6 can 
10 more speedily be set and the power consumption can be reduced. 

Fifth Embodiment 

Fig. 16 is a circuit block diagram showing a configuration of an 
offset-compensation drive circuit 65 according to a fifth embodiment. Referring to Fig. 
1 6, offset-compensation drive circuit 65 differs from offset-compensation drive circuit 

15 25 shown in Fig. 5 in that the former has one terminal of switch SI connected to a node 
N60 of a reference potential VR (2.5 V for example) instead of input node N20. 
Reference potential VR may be supplied directly from the outside of the liquid-crystal 
display device or supplied from a power-supply circuit of a low output impedance 
provided within the liquid-crystal display device. Input node N20 is connected to one 

20 electrode of switches S3.1 and S3. 2 each. Switches SI, S2.1, S2.2, S3.1, S3. 2 and S4 
are controlled in the same manner as that described in connection with the first 
embodiment. 

A description is given below of an effect of this offset-compensation drive 
circuit 65 in terms of the first offset-cancel operation performed with capacitor 27. 1 and 
25 switches SI, S2. 1 and S3. 1 . In this description, it is supposed that output potential 
V22 of drive circuit 26 is lower than input potential V21 by offset voltage VOF. 

Switches SI and S2.1 are turned on so that input potential V21 of drive circuit 
26 becomes equal to reference potential VR, output potential V22 of drive circuit 26 
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and potential VI on node Nl each become equal to V21 - VOF and thus equal to VR - 
VOF, and capacitor 27. 1 is charged to offset voltage VOF. 

Then, switches SI and S2. 1 are turned off so that offset voltage VOF is held in 
capacitor 27. 1. Following this, switch S3. 1 is turned on so that potential VI on node 
5 Nl changes from VR - VOF to VI. This amount of change is transmitted via capacitor 
27. 1 to input node N21 of drive circuit 26. Supposing that there is a relation VI > VR 
- VOF, an amount of change AV in voltage of input node N21 of drive circuit 26 is 
represented by the following equation: 

AV=[V1 -(VR-VOF)]oCl/(C0 + Cl) ... (5) 

10 where CI / (CO + CI) = 1 / (1 + CO / CI) and, assuming that CO « CI, 1 / (1 + CO / CI) 
^ 1 - CO / CI is obtained. Further, assuming that CO / CI = r, an equation 1 - CO / 
CI = 1 - r is established. This equation is then substituted into equation (5) to reach 
an equation: 

AV=[VI-(VR-VOF)]o(l- r ) ... (6). 

15 Input potential V21 of drive circuit 26 is obtained by adding AV to reference 

potential VR, namely potential VR + AV, which is represented by the following 
equation: 

V2 1 = VR + A V = VR + [VI - (VR - VOF)] o (1 - r) 
= VR + VI - VR + VOF - [ VI - ( VR - VOF)] o r 
20 = VI + VOF - r o VOF - r o ( VI - VR) ... (7). 

For offset-compensation drive circuit 25 in Fig. 5, a similar calculation is done 
as follows. 

V21 = VI + VOF - VOF o CO / (CO + CI) 

= VI + VOF - VOF o (CO / CI) / (CO / CI + 1) 
25 = VI + VOF - VOF o r / (1 + r) 

= VI + VOF - VOF oro(l-r) 
= VI + VOF - VOF o ( r - r 2 ). 
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Here, assuming that there is a relation r 2 ^ 0, the following equation is obtained: ' 

V21 = VI + VOF-roVOF ...(8). 

It is seen from a comparison between equations (7) and (8) that V21 of 
offset-compensation drive circuit 65 in Fig. 16 is smaller than V21 of 
5 offset-compensation drive circuit 25 in Fig. 5 by the forth element [- r o (VI - VR)] in 
equation (7) while this value can be made negligible by reducing r and performing the 
offset cancel operation multiple times. 

If the same gray-level potential VG is supplied from gray-level potential 
generation circuit 20 shown in Fig. 4 to many offset-compensation drive circuits 25, the 
10 load capacitance value of gray-level potential generation circuit 20 is equal to the sum of 
respective input capacitance values CO of many drive circuits 26. Accordingly, a 
longer time is required for stabilizing gray-level potential VG. 

By replacing offset-compensation drive circuit 25 with offset-compensation 
drive circuit 65 in Fig. 16, the input capacitor of drive circuit 26 is charged with 
15 reference potential VR. Accordingly, the load capacitance value of gray-level potential 
generation circuit 20 is remarkably reduced so that gray-level potential VG becomes 
stable in a short period of time. 

Fig. 17 is a circuit diagram showing a modification of this embodiment. 
Referring to Fig. 1 7, an offset-compensation drive circuit 66 differs from 
20 offset-compensation drive circuit 38 in Fig. 8 in that the former has one terminal of 

switch SI connected to node N60 of reference potential VR instead of input node N20. 
With this modification as well, the same effect as that of offset-compensation drive 
circuit 65 in Fig. 16 is achieved. 

Although the present invention has been described and illustrated in detail, it is 
25 clearly understood that the same is by way of illustration and example only and is not to 
be taken by way of limitation, the spirit and scope of the present invention being limited 
only by the terms of the appended claims. 
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